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Effect of mesangial cell lysis and proliferation on glomerular hemody-
namics in the rat. To elucidate an involvement of mesangial cells in the
regulation of glomerular hemodynamics, renal micropuncture tech-
niques and glomerular morphometry were employed in Munich-Wistar
rats with mesangial cell lytic or proliferative lesions induced by admin-
istration of an antibody reactive with Thy-I .1-like antigens on the
mesangial cell surface. The antibody-induced mesangial cell lysis at day
1 resulted in a significant decrease in glomerular ultrafiltration coeffi-
cient, leading to reduction in single nephron glomerular filtration rate
(SNGFR) in spite of a significant increase in both glomerular hydro-
static pressure and single nephron plasma flow (SNPF). During the
antibody-induced proliferative lesion at day 6, glomerular ultrafiltration
coefficient and SNGFR remained reduced; however, SNPF was now
decreased. Morphometric analysis showed the enlargement of capillary
luminal volume and the development of new open space in the mesan-
gium accessible for blood flow in the mesangial cell-lytic glomeruli at
day 1. An increase in mesangial cell volume was found in the prolifer-
ative glomeruli at day 6. The total area of peripheral glomerular
basement membrane, presumed as the probable filtration area, was
unchanged in these glomeruli. These results indicate that mesangial
lesions decrease glomerular ultrafiltration coefficient, and suggest that
mesangial cells participate in regulation of glomerular filtration rate.
The mesangial cell may exert a significant influence on
glomerular hemodynamics either by affecting the glomerular
ultrafiltration coefficient or possibly by altering glomerular
vascular resistance. In spite of several suggestions that the
mesangial cell is involved in the control of glomerular hemody-
namics, there has been little direct evidence. The development
of a model of selective mesangial cell injury using mesangial cell
reactive antibodies has provided such an opportunity. Anti-rat
thymocyte serum (ATS) is reactive with cell surface antigens
probably identical to Thy- 1.1 on glomerular mesangial cells [1,
2]. The ATS produces a complement-dependent mesangial cell
lysis and modest alterations of glomerular capillary architecture
within one hour of administration. During this early phase, it
can be assumed that damaged mesangial cells will not function
normally. Four to six days later, marked proliferation of resid-
ual mesangial cells occurs and provides an opportunity to
examine the function of the expanding cells which cause
considerable histologic alteration in the glomeruli. Histologi-
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cally, the mesangial cell proliferation phase is similar to mesan-
gial proliferative glomerulonephritis seen in humans.
Studies were designed to correlate the glomerular hemody-
namic effects with glomerular morphometry of ATS in three
groups: 1) control rats; 2) rats studied during mesangiolysis 24
hours after the administration of ATS; and 3) rats studied during
mesangial proliferation five to six days after administration of
this antibody.
Methods
Experimental animals
Experiments were performed on 200 to 270 g male Munich-
Wistar rats derived from the colony in the Animal Research
Facility of the Veterans Affairs Medical Center, San Diego,
California, USA. Rats were maintained on a normal rat chow
(Ralston Purina Company, St. Louis, Missouri, USA) until
approximately 16 hours prior to the micropuncture studies.
Water was allowed ad libitum until the time of micropuncture.
Animals were housed in metabolic balance prior to and follow-
ing administration of ATS to determine urinary protein concen-
tration. Urinary protein concentration during metabolic balance
was measured using the sulfosalicylic acid method [31.
Preparation of ATS
Anti-thymocyte antibody was raised in rabbits by subcutane-
ous immunization of 1 x 108 rat thymocytes in complete
Freund's adjuvant, followed by two intravenous injections of 1
x 106 thymocytes at two-week intervals. Antiserum obtained
one week after the last injection was heat-inactivated at 56°C for
30 minutes, and absorbed three times with a 1/10 volume of
packed rat peripheral blood cells. The titer of reactivity to rat
thymus and glomerular mesangium was assayed individually by
indirect immunofluorescence and high titered sera were pooled
and absorbed three times with a crude rat liver cell membrane
fraction [2, 4].
Experimental protocol
ATS was administered at a dose of 0.5 ml/100 g body weight
either 24 hours (ATS Dl) or five to six days (ATS D6) prior to
micropuncture. Control rats received normal rabbit serum
absorbed as described for the ATS.
Animals were prepared for micropuncture as previously
described [51. Briefly, a tracheostomy (PE 240) was performed
and PE-50 catheters were placed in the left jugular vein, left
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femoral artery, bladder, and left ureter. A maintenance infusion
of isotonic NaC1-NaHCO3 solution was begun after the initial
venous cannulation procedure was completed. The kidney was
placed into a lucite cup, packed with cotton, and sealed with 2%
agar. The kidney surface was superfused with isotonic NaCl-
NaHCO3 solution heated to 37°C. The experiments were per-
formed during plasma expansion using a 2.5% body weight litter
mate plasma infusion for the first hour and replaced with
isotonic NaCl:NaHCO3 at a rate equal to urine flow. Simulta-
neously, an infusion of 3H inulin (100 CiJhr at a rate of 1.5
ml/hr) was initiated and continued throughout the experiment.
After one hour of plasma and inulin infusion, glomerular
hemodynamic measurements were performed. Glomerular cap-
illary hydrostatic pressures were obtained using 1 to 3 micron
tip sharpened glass pipettes filled with 1.2 M saline, connected
to a Servonull micropressure system (Instrumentation for Phys-
iology and Medicine, La Mesa, California, USA). Tubular and
peritubular capillary hydrostatic pressures were also measured.
Thereafter, efferent capillary blood samples in 13 to 16 micron
glass pipettes were collected for measurement of protein con-
centration. Timed proximal tubular fluid collections were ob-
tained to measure single nephron filtration rate (SNGFR).
Throughout the experiment whole kidney urine collections
were obtained to measure total glomerular filtration rates (GFR)
and urine flow rates. Plasma samples were obtained at the
beginning and at the end of the experiment for counting in liquid
scintillation counter and for protein analysis.
Analytic methods
3H inulin activity in plasma, urine and tubular fluid was
monitored in a Packard liquid scintillation counter (Packard
Instrument Company, Downers Grove, Illinois, USA). All
micropuncture protein collections were analyzed by microad-
aptation of the method of Lowry et al, as previously described
[61.
Calculations
SNGFR was calculated by SNGFR = TF/P1 x V, where
TF/P1 and V refer to the tubule to plasma 3H inulin concen-
tration ratio and tubular fluid flow rate, respectively. The
calculation of single nephron filtration fraction, plasma flow
(SNPF), afferent arteriolar resistance and efferent arterial resis-
tance was previously described [7].
Oncotic pressure was determined from protein concentration
[8]. The specific modification to equations describing these
relationships has been described in previous publications, as
have equations to calculate the effective filtration pressure
(EFP) and the glomerular ultrafiltration coefficient (LA),
where SNGFR EFP X LA.
Statistical analysis
Statistical analysis between groups of animals was evaluated
by unpaired t-test where appropriate, and by analysis of vari-
ance in most other cases. Statistical significance was defined as
P < 0.05 and results are expressed as the mean SEM.
Morphometty
Immediately after the termination of micropuncture study,
portions of the kidneys were fixed in Bouin's solution and
embedded in paraffin for light microscopy. Small pieces of the
kidney were fixed in modified Karnovsky's fixative and embed-
ded in Epon 812 for electron microscopy. Sections of paraffin-
embedded tissue were stained with periodic acid Schiff (PAS)
reagent and used for the measurement of glomerular volumes.
The mean glomerular radius and volume, V(G) in each rat was
determined by light microscopy [9]. Ultrathin sections of Epon-
embedded kidney tissue were stained with uranyl acetate and
bismuth subnitrate, and the glomeruli were photographed at the
magnification of x 2000 by electron microscopy. Several photos
were composed to cover an entire glomerular field (final mag-
nification was x4800). A square-ruled grid, drawn on transpar-
ent screen and divided into square inches (which corresponds to
5.3 sm on the photos) was superimposed on the composite
electron micrographs and used for standard stereological tech-
niques [10].
The volume fraction of a compartment X, Vv(X) in a glomer-
ular volume was estimated by:
P(X)Vv(X) = P(G)
where P(X) and P(G) were the total numbers of points,
intersections of crosslines, hitting X and the glomerulus on the
photographs. At least three glomeruli were evaluated in each
rat. The volume fractions of the following components were
determined: capillary luminal space including that occupied by
circulating cells, mesangial cells, mesangial matrix, epithelial
and endothelial cells, glomerular basement membrane (GBM),
urinary space, and the mesangial luminal space, which was
induced one day after the administration of ATS and was
recognized as a mesangiolytic plasma-filled space. The GBM
was divided into either peripheral GBM to denote areas not
separated from the lumen by mesangial cytoplasm or mesangial
GBM to identify the remainder. The residual endothelium was
used as a junction in areas of lytic mesangium.
The absolute volume of a compartment X, V(X) was calcu-
lated by: V(X) = Vv(X) X V(G). Surface density of a compart-
ment X, Sv(X) was measured by: Sv(X) = 2 x (numbers of
times of lines on the grid intercept the compartment)/total
length of the lines. The surface densities of the interface of
peripheral GBM, mesangial GBM and mesangium to capillary
lumen (mesangium-capillary) were determined [11]. The abso-
lute surface area of an interface X, S(X) per mean glomerulus
could then be calculated by: S(X) = Sv(X) x V(G).
Results
Appearance and clinical renal findings
The surface of the kidney of the ATS Dl and ATS D6 rats
was distinctly different from that of control rats. In the ATS Dl
rats, capillary blood flow was obvious in certain segments of
surface glomeruli with a larger capillary diameter than was
usually observed in normal animals. The kidney surface also
appeared different from normal in the ATS D6 rats, although
glomeruli appeared basically normal. The tubules appeared less
homogeneous than normal in appearance with both pale areas
and more pigmented areas. In the ATS Dl rats red blood cells
were occasionally observed in tubular lumina, but these had all
but disappeared in the ATS D6 rats.
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Tabk 1. A comparison of hemodynamic measurements in control, ATS Dl, and ATS D6 rats
Group GFR SNGFR G P5 P SNPF AR ER EFP LpA
Control
ATS Dl
ATS D6
1.16
0.09
1.18
0.09
0.93
0.13
44.5
2.0
36.la
2.0
29.6'
2.0
54.6
1.6
63.7a
2.2
57.5
0.7
18.3
0.8
22.9
1.0
22.2
1.4
36.0
1.3
40.0
1.5
353b
1.0
144
II
l91
13
126b
12
19.8
3.1
l0.5a
1.9
26.4
10
15.2
2.6
13.2
1.8
18.5
5.4
12.7
2.3
17.3
1.5
14.9
1.2
0.065
0.010
0.035a
0.003
0.034
0.005
a P < 0.05 compared to control
b P < 0.05 compared to ATS Dl
Abbreviations are: GFR, glomerular filtration rate, ml min; SNGFR, single nephron glomerular filtration rate, nI min 1; G, glomerular
capillary pressure, mm Hg; PBS, Bowman's space pressure, mm Hg; P, hydrostatic pressure gradient across the GBM, mm Hg; SNPF, single
nephron plasma flow, nI min'; AR, afferent arteriolar resistance, x l0 dynes; ER, efferent arteriolar resistance, sec cm5; EFP, effective
filtration pressure, mm Hg; LpA, glomerular ultrafiltration coefficient, nl sec mm Hg*
Protein excretion was 7.05 1.50 in control animals, 8.30
1.78 in the ATS Dl rats and 6.09 1.48 mg/24 hours in the ATS
D6 rats. There was no change of body weight after ATS
administration.
Glomerular hemodynamic measurements
The ATS Dl rats had a significant decrease in SNGFR. The
reduction in SNGFR occurred in spite of a numerical increase
in the hydrostatic pressure gradient (zP) (Table 1). SNPF was
increased significantly, as was glomerular capillary hydrostatic
pressure (P0). The major reason for the reduction in SNGFR
was a reduction in the ultrafiltration coefficient from 0.065
0.010 to 0.035 0.003 ni. sec mm Hg' (P < 0.01; Fig. I).
Therefore, the antibody-induced mesangial cell injury resulted
in a significant increase in both glomerular capillary hydrostatic
pressure and nephron plasma flow, but nephron filtration rate
fell as a result of a major reduction in the glomerular ultrafil-
tration coefficient.
In the ATS D6 rats, the SNGFR was even further reduced to
values lower than both control and 24 hour values (Table 1). At
this time period nephron plasma flow was significantly reduced
below control values as opposed to the 24 hour studies. The
glomerular ultrafiltration coefficient was significantly lower than
the control values. Therefore, nephron filtration rate was re-
duced in both the ATS Dl and ATS D6 rats, with some
differences in glomerular hemodynamics. The common denom-
inator was the reduction in the glomerular ultrafiltration coeffi-
cient.
Morphologic assessments and correlation with physiologic
changes
No histological changes at light and electron microscopic
levels were induced in the kidneys obtained from the control
rats after the micropuncture experiments (Fig. 2). The glomer-
ular lesions induced in the Munich-Wistar rat with the dose of
ATS used were slightly less severe than we previously observed
in the Lewis rat [1]. In the ATS Dl rats, glomerular histological
changes were selectively localized in the mesangium. By light
microscopy, the glomeruli were less cellular and the number of
mesangial cell nuclei was reduced. The nuclei of residual
mesangial cells were often stained only faintly or were con-
densed or fragmented into several pieces.
Electron microscopy confirmed the light microscopic find-
ings, showing the disappearance of some mesangial cells from
the mesangium, leaving an open space filled with plasma and
erythrocytes and denoted as mesangial lumen, whereas endo-
thelial cells, epithelial cells including their foot processes, and
GBM structures were well preserved. No decrease in endothe-
hal or epithehial cell number was observed and no other
histological abnormalities were observed (Fig. 3).
In contrast to the findings in the ATS Dl rats, the mesangial
areas of the glomeruli of the ATS D6 rats were enlarged and
hypercellular. Light microscopy showed an increase in the
number of cells in the mesangium, leading to an expansion of
the mesangium compressing the capillary volume. hese in-
creased cells had relatively smooth cell surfaces and bundant
endoplasmic reticulum but few other cell organellae in the
cytoplasm. These cells were closely associated with electron-
dense mesangial matrix, indicating that they were. mesangial
cells in origin (Fig. 4). The mesangiolytic spaces found in ATS
Dl rats had essentially disappeared in the ATS D6 rats.
Morphometnc observation in the ATS Dl rats revealed that
the glomerular volume was unchanged morphometrically as
compared with control, and the volume fraction of capillary
lumen was enlarged insignificantly. The absolute volume of the
capillary lumen was significantly (P < 0.01) enlarged by 18%
(Table 2). The volume fractions and calculated absolute vol-
umes of mesangial cell and mesangial matrix were all reduced
significantly (P < 0.01), and newly created mesangial space
filled with plasma could be measured in comparison o the
controls. Epithelial cells or endothelial cells were unchanged in
the volume fraction or the absolute volume in the ATS Dl rats.
The glomeruhi of the ATS D6 rats were significantly larger by
35% (P <0.01) in volume as compared to those of control rats,
and by 31% (P < 0.05) as compared to ATS Dl rats. A
remarkable increase was found in the absolute volume of
mesangial cells (+ 146%) and mesangial matrix (+93%), as well
as an increase in the volume fraction (+81% and +45%,
respectively). In contrast, the volume fraction of the capillary
lumen was significantly smaller than that of control rats (P <
0.01) and ATS Dl rats (P < 0.05); however, the absolute
capillary volume was similar to that of the control rats and was
reduced insignificantly from that of the ATS Dl rats because of
enlargement of the whole glomerulus in the ATS D6 rats. The
absolute volumes of epithelial cells and endothelial cells were
significantly (P < 0.01) larger in the ATS D6 rats than in those
of the control (+35% and +36%, respectively) or the ATS Dl
rats (+40% and +30%, respectively).
The surface densities of peripheral GBM, mesangial GBM,
and mesangium-capillary interface were measured and the
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Fig. 1. Glomerular hemodynamic alterations after
ATS. Nephron filtration rate (SNGFR), glomerular
hydrostatic pressure (P) and nephron plasma flow
(SNPF) and the glomerular ultrafiltration coefficient
(LpA) in control rats and ATS Dl and ATS D6 rats.
t SNGFR was decreased in both experimental groups.
Nephron plasma flow was increased in the ATS Dl
rats, but was decreased in the ATS D6 rats. The LpA
was reduced compared to control animals in both
experimental groups but by different mechanisms, as
explained in the morphologic assessments in results.
*D < 0.05 vs Dl; tP < 0.05 vs. control.
absolute area of these interfaces was calculated (Table 3). Both
surface density and calculated area :'f all these interfaces were
statistically unchanged by ATS administration at one day,
although the absolute area of peripheral GBM was reduced by
—8% and that of mesangium-capillary interface was increased
by + 19% (P > 0.05). On the other hand, there was significant (P
< 0.05) decrease in the surface density of peripheral GBM
interface in the ATS D6 rats without enlargement of the
calculated absolute areas. Although there were no differences
between ATS D6 and control rats in the surface densities of
mesangial GBM and niesangium-capilary interfaces, their cal-
culated areas were significantly increased by +37% (P < 0.01)
and +45% (P < 0.05), respectively, as compared to that of
control rats. The absolute area of mesangial GBM interface was
significantly greater (P < 0.05) in ATS D6 rats than in ATS Dl
rats.
Discussion
The glomerular mesangial cell has been postulated as impor-
tant to the regulation of ultrafiltration [121. It has been observed
that infusion of angiotensin II or other hormones produced an
alteration in LpA, and that this physiologic alteration was
unlikely to be explained by effects of the hormones on vascular
smooth muscle [13]. The mesangial cell therefore became a
potential candidate for the regulation of either glomerular
capillary wall hydraulic conductivity (Lp) or glomerular effec-
tive surface area for ultrafiltration (A). In vitro studies utilizing
mesangial cells in culture demonstrated that mesangial cells
contracted when exposed to hormones such as angiotensin II
and antidiuretic hormone, agents which also decrease glomer-
ular ultrafiltration coefficient [14]. Studies concurrent to these
physiologic studies have demonstrated that the mesangial cell
expresses receptors for these hormones. It has also been
recognized in recent years that various forms of progressive
experimental and clinical renal disease are associated with
mesangial cell hypertrophy and mesangial cell matrix overpro-
duction as the primary histologic abnormality. Although evi-
dence is indirect, these studies suggest that abnormalities in the
mesangial cell may contribute by some mechanism to progres-
sive alteration of the filtration process.
Studies by Sakai and Kriz [15] have also suggested that the
normal mesangial cell may regulate tension of the capillary wall
since elements of the mesangial cell are attached or tethered to
elements of the glomerular basement membrane. Alternatively,
direct physiologic observations utilizing video scanning tech-
niques have been unable to demonstrate changes in glomerular
capillary radius or surface area when angiotensin II was infused
t
PVE ATS ATS
control Dl D6
PVE ATS
contro. Dl
C Nephron plasma flow
(SNPF)
200
150
100
C
E
C
a,I
E
E
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CC)
C
D Glomerular ultrafiltration
coefficient (LpA)
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I
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0-__
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Fig. 2. A portion of the glomerular montage with superimposed one-inch grid from a control rat is shown in reduced form. Abbreviations are: EN,
endothelial cell; EP, epithelial cell; CL, capillary lumen; US, urinary space; RBC, red blood cell; and GBM, glomerular basement membrane.
[16, 17]. There have been attempts to demonstrate a morpho-
logic alteration in glomerular capillary surface area following
infusion of angiotensin II, but no such changes have been
observed [18]. In vitro studies by Savin and coworkers have
also been unable to demonstrate that hormones which act in
vivo to reduce glomerular ultrafiltration coefficient produce any
alteration in the hydraulic conductivity-surface area product in
the in vitro isolated glomerulus [19]. Although there are signif-
icant elements of circumstantial evidence that suggest an im-
portant role for the mesangial cell in regulating glomerular
ultrafiltration and the ultrafiltration coefficient, specific direct
evidence as to the mechanism involved has been lacking.
Potential approaches to the mechanism whereby the mesan-
gial cell influences the filtration process could involve either
elimination of the functioning mesangial cell or causing the cell
to proliferate abnormally. The development of antibody-in-
duced mesangial cell injury should provide such an opportunity.
Studies reveal that within 24 hours after administration of this
complement-fixing antibody mesangial cell lysis is extensive,
suggesting a major reduction in the capacity of this cell popu-
lation's function. To the degree that mesangial cell contraction
mediates reductions in the glomerular ultrafiltration coefficient,
one might have predicted that lysis of mesangial cells at 24
hours should cause an increase in the glomerular ultrafiltration
coefficient. The data we have supplied suggest that the glomer-
ular ultrafiltration coefficient actually decreases to values ap-
proximately 50% of the normal controls. At 24 hours glomerular
capillary hydrostatic pressure rises to values that are distinctly
higher than the normal rat under these experimental conditions,
and the hydrostatic pressure gradient was numerically in-
creased. The plasma flow was increased at 24 hours following
ATS administration. The elevations in glomerular capillary
hydrostatic pressure and plasma flow appear to be predomi-
nantly the result of a reduction in afferent arteriolar resistance.
The mechanism whereby afferent resistance decreases as a
consequence of lysis of mesangial cells is not intuitively obvi-
ous. Some insights are provided by examination of the mor-
phology 24 hours after antibody administration. The architec-
tural configuration of the glomerular capillary loops was
significantly altered 24 hours after the administration of the
antibody. Capillary conduits appeared larger in size, primarily
because plasma was transiting through the mesangial areas and
not solely within capillary lumina. During micropuncture gb-
merular capillary pressure measurements were quite readily
obtained, implying that the capillary diameters were larger than
normal. These observations do not explain the reduction in
afferent arteriolar resistance unless some element of the afferent
arteriole is tethered and influenced by the mesangial cell. It is
possible that transmission of vasoconstrictor signals may be
-- Icta- "'r
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Fig. 3. A corresponding reduced section of the montage and superimposed grid of an ATS Dl rat is shown. The broad arrows indicate areas of
damaged mesangial cells. Abbreviations are: EN, endothelial cell; EP, epithelial cell; CL, capillary lumen; RBC, red blood cell; and GBM,
glomerular basement membrane.
decreased if the mesangial cell were dysfunctional. For exam-
ple, the syncytial-like function of the mesangium via gap
junction communication might be disordered.
There may be another explanation for the decrease in the
afferent arteriolar resistance. As shown by immunofluorescence
in our previous report [1], the ATS bound selectively to
glomerular mesangium within one hour after the intravenous
administration. Immunoelectron microscopy localized the anti-
body binding to the mesangial cell surface [201. In addition, the
fixation of the antibody was also extended from the mesangium
in the glomerular tuft to the extraglomerular mesangium in the
vascular pole, which contains agranular extraglomerular
mesangial cells (lads cells) and granular (renin-containing)
myoepitheloid cells. These cells may be injured by the antibody
in the same manner as in the glomerular mesangial cells,
resulting in the dysfunction of these cells and/or structural
destruction of the vascular pole, leading to the reduction of
afferent arteriolar resistance.
A portion of the reduction in the glomerular ultrafiltration
coefficient also may be explainable from the morphologic
findings. Glomerular plasma flow is actually transiting through
mesangial spaces, generated by lysis of the mesangial cells.
This newly vacated space is enclosed by endothelial cells and
mesangial GBM, which likely do not provide as efficient a
filtering surface as the peripheral GBM. The glomerular plasma
flow is then transiting through the areas in which plasma is not
efficiently filtered. In addition to being exposed to a potentially
less effective filter, this abnormal distribution of plasma flow
may have achieved filtration equilibrium which could lower
values for glomerular ultrafiltration coefficient. Regardless of
the specific mechanism, elimination of the functioning mesan-
gial cells does cause a reduction in glomerular ultrafiltration
coefficient, and this reduction is correlated with modifications
in the three dimensional configuration of capillary flow through
the glomerulus.
Examination of the glomerular hemodynamic alterations dur-
ing the proliferative phase of the antibody-induced mesangial
injury reveals some similarities to the 24 hour condition and
some major differences. At this juncture nephron plasma flow is
reduced below control values and to values much less than
observed one day after the antibody during the lyric phase of
injury. The ultrafiltration coefficient was nearly identical to
values at 24 hours after ATS administration. The morphologic
evaluation does provide some indirect insights into potential
mechanisms. Mesangial cells undergo striking proliferation and
in the aggregate the total volume of the mesangial area is
increased. Studies to characterize the nature of the cellular
increase indicate that the majority of the cells are mesangial in
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Fig. 4. A corresponding reduced section of the montage and superimposed grid of an A TS D6 rat is shown. Increased numbers of mesangial nuclei
are indicated by broad arrows. Abbreviations are: EN, endothelial cell; EP, epithelial cell; CL, capillary lumen; RBC, red blood cell.
Table 2. Volume fractions (Vv) and absolute volume (V, m3 x l0)
Whole
glomerulus
Capillary
lumen
Mesangial
cell
Mesangial
matrix
Mesangial
lumen
—
Epithelial
cell
Endothelial
cell GBM
Urinary
space
COntrol (N = 10)
Vv 30.1 4.6 9.2 1.2 5.6 1.3 0.0 0.0 27.4 3.0 11.3 1.8 3.4 1.0 13.1 3.2
V 58.7 15.9 17.7 2.7 5.4 0.7 3.3 0.8 0.0 0.0 16.6 1.8 6.6 1.0 2.0 0.6 7.7 1.8
ATS Dl
(N = 10)
Vv 34.5 6.5 5.6 2.2" 3.3 1.2" 5.9 2.2" 25.8 5.0 11.4 1.4 3.0 0.9 10.8 2.7
V 60.5 14.2 20.9 39a 34 4b 2.0 07b 3.6 l.4' 15.6 3.0 6.9 0.9 1.8 0.6 6.6 1.6
ATSD6 .
(N= 13)
Vv
V 79.3 26,3bc
21.9 69b,d
17.4 5.4
16.7 7.0"
13.3 551,d
8.1 20b.d
6.4 16bd
0.8 10a.d 27.5 3.70.6 0.8'2L8±3.0' 11.4 2.19.0 1•7I,d 2.6 0.82.1 0.6 10.9 2.48.6 1.8
The values are mean SD.
Statistical significance: vs. control, a p < 0.05, b p < 0.01, vs. ATS Dl, P < 0.05, d p < 0.01
nature and that only a few of the cells are Ia or react with tion of capillary luminal volume, and the surface density of
antisera to leukocyte common antigen (unpublished observa- peripheral GBM were reduced as determined by morphometry.
tions). Even a few monocytes and the mediator molecules they However, the calculated absolute volume of capillary lumen
could release might contribute to the functional differences, and the absolute area of peripheral GBM were not decreased in
The mesangial cell hypercellularity and expansion appears to spite of the enlargement of mesangial cell volume because the
compress capillary lumina. With the increase in the volume whole glomerular size was enlarged. Therefore, the observed
occupied by mesangial cells, the morphometrical volume frac- reduction in the glomerular ultrafiltration coefficient cannot be
I5fl
1'a. :94
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Table 3. Surface density (Sv) and absolute area (S, tm2 x 10—i)
Mesangium-
Peripheral capillary
GBM Mesangial GBM interface
Control (N = 10)
Sv 0.216 0.027 0.091 0.014 0.051 0.013
S 1.269 0.158 0.534 0.082 0.300 0,076
ATS Dl(N = 10)
Sv 0.195 0.039 0.090 0.023 0.059 0.011
S 1.180 0.236 0.544 0.139 0.357 0.067
ATS D6(N = 13)
Sv 0.163 0.045a 0.092 0.019 0.055 0.014
S 1.293 0.349 0.730 0151b.c 0.436 0.lIla
The values are mean so.
Statistical significance: vs. control, a p < 0.05, I p < 0.01, vs. ATS
Dl, C p < 0.05
simply explained by a quantitative decrease in the filtering
surface area during the proliferative phase of the injury. How-
ever, there may be sufficient tertiary structural alterations to
provide a basis for the reduction in glomerular filtration coeffi-
cient since the glomerular alterations present could provide
changes in the ratio of flow to surface area that differ among the
various capillary conduits. Mesangial cells have proliferated
and enlarged, which also might account for enhanced functional
responses leading to alterations in the glomerular ultrafiltration
coefficient.
GlQmerular histology at six days following antibody-induced
mesangial cell injury exhibits some striking similarities to
certain mesangial cell proliferative states observed in the hu-
man, such as mesangial proliferative or membranoproliferative
glomerulonephritis. There are no data in the literature which
describe glomerular hemodynamics in clinical or experimental
mesangial cell proliferative states, but it is presumed that the
aJterations in the glomerular ultrafiltration coefficient may also
contribute to alterations in glomerular filtration rate. Immune
models of glomerular injury that have been examined, prolifer-
ative and membranous nephropathies, have exhibited elevated
glomerular capillary hydrostatic pressure and pressure gradient
as well as major reductions in the glomerular ultrafiltration
coefficient. The information supplied by these studies suggests
that mesangial proliferation produced by the administration of
antibody reactive with mesangial cells can also be added to the
list of immune-induced glomerular diseases which exhibit major
reductions in the glomerular ultrafiltration coefficient. The
mechanisms for reduction in the glomerular ultrafiltration coef-
ficient differ among these three major categories of glomerulo-
nephritis, but it is of interest that the final common hemody-
namic pathway appears quite similar.
We have provided glomerular hemodynamic and morpho-
logic data on kidneys of ATS Dl and ATS D6 rats after the
administration of antibody reactive with a Thy- 1.1-like antigen
present on the mesangial cell surface. These studies provide
insights into the role of the mesangial cell in the regulation of
glomerular function. During the early phase we find a lytic form
of mesangial cell injury which is replaced by proliferation in
ATS D6 rats. This indicates that the mesangial cell population is
not irreversibly damaged, but only temporarily injured. Data at
24 hours suggest that the mesangial cell might contribute
indirectly or directly to the regulation of afferent arteriolar
resistance and plasma flow as well as glomerular capillary
hydrostatic pressure. Further studies are required to define
specific mechanisms. During the proliferative mesangial cell
response in the ATS D6 rats, in an interesting correlate to
certain types of renal disease observed in humans, mesangial
proliferation is associated with decreases in nephron plasma
flow and major reductions in the glomerular ultrafiltration
coefficient. Antibodies directed against the mesangial cell may
provide significant insights into the specific function of this cell
in regulating and controlling the process of glomerular ultrafil-
tration.
Acknowledgments
This is publication No. 663 1-1MM from the Department of Immunol-
ogy, Research Institute of Scripps Clinic, La Jolla, California 92037.
This work was supported in part by NIH Grants A107007, DK40251,
DK28602, and Department of Veterans Affairs Research Service.
Reprint requests to Curtis B. Wilson, M.D., Department of Immu-
nology (IMM5), Research Institute of Scripps Clinic, 10666 North
Torrey Pines Road, La Jolla, California 92037, USA.
References
1. YAMAM0T0 T, WILSON CB: Quantitative and qualitative studies of
antibody-induced mesangial cell damage in the rat. Kidney In!
32:514—525, 1987
2. YAMAMOTO T, WILSON CB: Complement dependence of antibody-
induced mesangial cell injury in the rat. J Immunol 138:3758—3765,
1987
3. Wiiso CB, DIXON FJ: Antigen quantitation in experimental
immune complex glomerulonephritis. I. Acute serum sickness. J
Immunol 105:279—290, 1970
4. HARADA K, YAMAMOTO T, HARA M, KIHARA I: Antigenic associ-
ation between kidney and brain. Acta Pathol Jpn 32:483—489, 1982
5. THOMSON SC, TUCKER BJ, GABBAI FB, BLANTZ RC: Glomerular
hemodynamics and alpha-2 adrenoreceptor stimulation: The role of
renal nerves. Am J Physiol 258:F2l—F27, 1990
6. BLANTZ RC: Effect of mannitol on glomerular ultrafiltration in the
hydropenic rat. J C/in Invest 54:1135—1 143, 1974
7. TUCKER BJ, MUNDY CA, MACIEJEWSKI AR, PRINTZ MD, ZIEGLER
MG, PELAY0 JC, BLANTZ RC: Changes in glomerular hemody-
namic response to angiotensin II after subacute renal denervation in
rats. J Cli,, Invest 78:680—688, 1986
8. TUCKER BJ, BLANTZ RC: Effects of glomerular ifitration dynamics
on the glomerular permeability coefficient. Am J Physiol 240:F245—
F254, 1981
9. SALTIKOV SA: The determination of the size distribution of parti-
cles in an opaque material from a measurement of the size distri-
bution of their sections, in Stereology, edited by ELIAS H, Berlin,
Springer-Verlag, 1967, pp. 163—173
10. ELIAS H, HENNING A, SCHWARTZ DE: Stereology: Applications of
biomedical research. Physiol Rev 51:158—200, 1971
11. STEFFES MW, BROWN DW, BASGEN JM, MAUER SM: Ameliora-
tion of mesangial volume and surface alterations following islet
transplantation in diabetic rats. Diabetes 29:509—515, 1980
12. SCHLONDORFF D: The glomerular rnesangial cell: An expanding
role for a specialized pericyte. FASEB J 1:272—281, 1987
13. BLANTZ RC, KONNEN KS, TUCKER BJ: Angiotensin II effects upon
the glomerular microcirculation and ultrafiltration coefficient of the
rat. J Clin Invest 57:419—434, 1976
14. AUSIELLO DA, KREISBERG JI, RoY C, KARNOvSKY MJ: Contrac-
tion of cultured rat glomerular cells of apparent mesangial origin
after stimulation with angiotensin II and arginine vasopressin. J
C/in Invest 65:754—760, 1980
Yamamoto et al: Mesangial cell role in hemodynamics 713
15. SAKAI 1, Kiuz W: The structural relationship between mesangial
cells and basement membrane of the renal glomerulus. Anat Em-
bryol 176:373—386, 1987
16. ZIMMERJ-LACKL B, STEINHAU5EN M, PAREKH N: Variation in single
giomerular loop flow by angiotensin measured with fluorescent
erythrocytes. Pflugers Arch 39:R19, 1981
17. SMOEI H, KUCHERER H, PAREKH N, ZOTHELUM M, WEI5 S,
STEINHAUSEN M: Long and short pathways further the glomerular
capillary network in the hydronephrotic kidney of rats. Pflugers
Arch 40:R42, 1984
18. KRIz W, ELOER M, LEMLEY K, SAKA! T: Structure of the glomer-
ular mesangium: A biomechanical interpretation. Kidney mt
38(S30):S2—S9, 1990
19. SAVIN Vi: In vitro effects of angiotensin II on giomerular function.
Am J Physiol 251 :F627—F634, 1986
20. YAMAMOTO T, YAMAMOTO K, KAWASAKI K, YA0ITA E, SHIMIZU
F, KIHARA I: Immunoelectron microscopic demonstration of Thy-i
antigen on the surface of mes igial cells in the rat glomerulus.
Nephron 43:293—298, 1986
